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) OPTICAL RECORDING METHOD AND OPTICAL RECORDED 

)Abstr3ct! 

DBLEM TO BE SOLVED: To make it possible to sufficiently limit the 
ead of signal light and reference light and to sufficiently 
rominiaturize recording regions without the occurrence of missing of fB* 
a and a read error at the time of reproduction in correspondence to 
^-dimensional digital data in the care of recording the binary two- 
ensional digital data in an optical recording medium as holograms. 
LUTION: This optical recording method consists of executing Fourier 
■isform of the signal light of the binary two-dimensional digital data 

ge by a lens. A light shielding body having a light transparent part 21 of ^ 
ircular. semicircular, sectorial or L shape which allows only the ^«^> 

nponents from zero order to n-±h (N=1 , 2. or 3) order of the Fourier ^^rS,:^ 
isform image of the signal light to transmit, is arranged in front of the ^^f ggp-^ «i 
ical recording medium. The signal light and reference light after the ijc a m o a 

jrier transform are transmitted through this light transparent part 21 and | % .° ° p. 

optical recording medium is irradiated with this light, by which the ^ . ij^; 

jrier transform hologram is recorded in the optical recording medium. 





3AL STATUS 

ite of request for examination] 

ite of sending the examiner s decision of rejection] 

nd of final disposal of application other than the 

iminer s decision of rejection or application converted 

jstration] 

ite of final disposal for application] 
itent number] 
Ite of registration] 

jmber of appeal against examiner s decision of 



)://wwwl9ipdLipo.fiojp/PAl/result/detaiymain/wAAA9xaa.SD 



3/30/2004 



Page 1 of 2 



OTICES * 

an Patent Office is not responsible for any 
ages caused by the use of tbis translation. 
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shows the word which can not be translated, 
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VIMS I 

Lim(s)] J r- . 

dm 1] The optical recording approach which be make to penetrate the predeterauned configuratoon correspondmg to 
Fourier transform image of said signal light which formed flie light after carry out the Fourier transform of the signal 
t of a binary two-dimensional digital data image with a lens , and a reference beam in some protection from light 
;cts arrange ahead of an optical recording medium , and the light transmission section of magnitude , irradiate said 
cal recording medixmi , and record a predetermined configuration and the hologram of magnitude into said optical 

irding medium . j . -j • 

dm 2] Said light transmission section is the optical recording approach characterized by considering as the 
figuration and magnitude which are made to penetrate only the Fourier transform component as which breadth zeta 
1 zero-order light of the Fourier transform image of said signal Hght is specified by 0 <= zeta<=nf lambda/d in the 
cal recording approach of claim 1 . However, f is [ the wavelength of said signal Ught and d of the focal distance of 
lens and lambda ] die length of one side of 1 bit data of said signal light, and n is 1, 2, or 3. 
lim 3] The optical recording approach characterized by setting n to 2 in the optical recording approach of claim 2. 
lim 4] The optical recording approach characterized by making said light transmission section circular in one optical 
»rding approach of claims 1-3. 

dm 5] The optical recording approach characterized by making said light transmission section into a hemicycle in 
optical recording approach of claims 1-3. 

dm 6] The optical recording approach characterized by making said Ught transmission section into a sector in one 
cal recording approach of claims 1-3. 

lim 7] The optical recording approach characterized by using said light transmission section as L form in one optical 
►rding approach of claims 1-3. 

dm 8] The light from said light source is modulated according to the Ught source which emits coherent Ught, and 
iry two-dimensional digital data. The space optical modulator which obtains the signal light which holds a two- 
ensional digital data image by the wave front. The lens which carries out the Fourier transform of said signal light, 
the reference beam optical system which obtains a reference beam from the Ught from said Ught source, Optical 
>rding equipment equipped with the protection-from-Ught object which the predetermined configuration 
esponding to the Fourier transform image of said signal light and the light transmission section of magnitude are 
aed [ object ] in a part, and it is arranged [ object ] ahead of an optical recording medium, makes the light 
smission section penetrate, and makes the signal light and said reference beam after said Fourier transform irradiate 
. optical recording medium. 

dm 9] Said light transmission section is optical recording equipment characterized by being the configuration and 
rnitude which are made to penetrate only the Fourier transform component as which breadth zeta from zero-order 
t of the Fotirier transform image of said signal light is specified by 0 <= zeta<=nf lambda/d in the optical recording 
ipment of claim 8. However, f is [ the wavelength of said signal Ught and d of the focal distance of said lens and 
bda ] die length of one side of 1 bit data of said signal Ught, and n is 1, 2, or 3. 

lim 10] Optical recordmg equipment characterized by n being 2 in the optical recording equipment of claim 9. 
lim 1 1] Optical recording equipment characterized by said light transmission section being circular in one optical 
)rding equipment of claims 8-10. . i . 

lun 12] Optical recordmg equipment characterized by said Ught transmission section being a hemicycle in one 
cal recording equipment of claims 8-10. 

dm 13] Optical recording equipment characterized by said Ught transmission section being a sector in one optical 
irding equipment of claims 8-10. 

dm 14] Optical recording equipment characterized by said Ught transmission section being L form in one optical 
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TAILED DESCRIPTION 



tailed Description of the Invraition] 

ild of the Invention] This invention relates to the optical recording approach and optical recording equipment which 
>rd binary two-dimensional digital data as a hologram into an optical recording medium. 

scriotion of the Prior Art] The hologram memory which combines the large capacity nature originating in a three- 
ension-record section and the rapidity originating in a two-dimensional package play back system as next-generation 
iputer filing memory attracts attention. In a hologram memory, in the same volume, multiplex can be earned out, 
two or more data pages can be recorded, and data can be collectively read for every page. Record playback of 
tal data also becomes possible by carrying out digital imaging of not an analog image but the bmary digital data 0, 
IS "** and dark" and carrying out record playback as a hologram. Recently, evaluation of the concrete optical system 
his digital holo^am memory system, S/N based on a volume multiplex recording method, or a bit error rate or the 
posal about a two dimensional modulation is made, and the research fiiom more nearly optical viewpomts, such as 
!Ct of the aberration of optical system, is also progressing. An^Du**u- 
031 The shift multiplex recording method which was shown in reference "D. Psaltis, M.Levene, A.Pu, G.Barbastathis 
KCurtis;OPTICS LETTERS Vol.20, No.7(1995) p782" at drawing 8 and which is an example of a volume 
Itiplex recording method is shown. , j 

041 By the shift multiplex recording method, while using a sphencal wave as the signal light 31 and a reterence 
m 32 which irradiates the hologram record medium 35 at coincidence, the hologram record medium 35 is made mto 
sk configuration, and overwrite of two or more holograms is carried out to the same field by rotation of a disk 35. 
example if a beam diameter is set to 1.5mmphi, another hologram to the almost same field can be recorded only by 
vine the dozens of micrometers disk 35, without producing a cross talk. Since a reference beain 32 is a spherical 
/e, this uses becoming that the include angle of a reference beam 32 changed with migration of a disk 35, and 

051 The migration length delta of this spherical-surface reference wave shift multiplex record, i.e., the distance 

ch can separate a mutual hologram independently, is shown also in the above-mentioned reference, deltasphencal 

JtaBragg+deltaNA **(lambda zo/Ltanthetas) +lambda/2 (NA) ~ (1) . ^ ^. ^ 

1 come out and expressed. Here, the distance of the objective lens and record medium with which lambda forms the 

/elength of signal light and zo forms a spherical-surface reference wave, and L are [ the crossed axes angle of signal 

It and a spherical-surface reference wave and NA of the thickness of a record medium and thetas ] the numerical 

rture of the above-mentioned objective lens. , . . , . 

061 From this formula (1), shift-amount delta can become small, can increase a multiplicity, and can increase storage 

acity so that the thickness L of a record medium is large. Furthermore, what is necessary is just to micnfy a record 

tion in order to aim at increase of storage capacity more effectively by the shift multiplex recordmg method. By 

rvine out multiplex record, volume multiplex record of high density is more realizable for a minute field. 

071 For the above-mentioned purpose, with a lens, the Fourier transform of the signal light is earned out, ^d it is 

diated with a hologram memory system at a record medium. By this, when the image of signal light has a fine pitch 

|h spatial fi-equency), signal light carries out fiiran FOFA diffraction in respect of a record medium, and breadth zeta 

he diffraction figure is zeta=klambdafomegax. ~ (2) r ; 1 1- 

; come out and expressed. Here, for k, a proportionality constant and lambda of the wavelength of si^al light and f 

r the focal distance of the lens for the Fourier transforai and omega x ] the spatial fi-equency of signal light. 

08] Therefore if a focal distance fuses a small thing as a lens for the Fourier transform, micnfymg of a record 
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ion is possible, this -- for example, "holography" (Institute of Electronics and Communication Engineers) - it is 

wn also in Chapter 7. i. j r- j j- 

39] Furthermore, micrifying of a record section is possible also by allotting an aperture ahead of a record medium, 
example, the uimecessary breadth of signal light and a reference beam is restricted, and attaining micrifying of a 
)rd section is shown to JP,55-41 480,A by by arranging the aperture board 39 which has the circular aperture 38 
ch the transmission of light increases gently ahead of a record medium as are shown in drawin g 9 and it goes to a 

a 

)blem(s) to be Solved by the Invention] However, a record section cannot fully be micrified like above-mentioned 
>5-41480,A only by a circular aperture restricting the unnecessary breadth of signal light and a reference beam. It is 

essary to restrict the breadth of signal light and a reference beam, and to micrify a record section, without [ when 

)rding binary two-diihehsional digital data as a hologram into an optical recording medium especially, in order to 
at increase of storage capacity, without it produces lack of data corresiwnding to two-dimensional digital data, and ] 
ling at the time of playback and producing an error. 

1 1 ] Then, without producing the reading error at the time of lack of data, or playback corresponding to two- 
lensional digital data, when recording binary two-dimensional digital data as a hologram into an optical recording 
lium, this invention can fully restrict the breadth of signal light and a reference beam, and enables it to fully micrify 
cord section. 
12] 

;ans for Solving the Problem] By the optical recording approach of this invention , the predetermmed configuration 
responding to the Fourier transform image of said signal light which formed the light after carry out the Fourier 
isform of the signal light of a binary two-dimensional digital data image with a lens , and a reference beam in some 
tection from light objects arrange ahead of an optical recording medium , and the light transmission section of 
?nitude be make to penetrate , said optical recording medivim be irradiate , and a predetermined configuration and the 
Dgram of magnitude be record into said optical recording medium . 
13] 

nction] By the optical recording approach of this invention by the above-mentioned approach, the signal Ught and 
reference beam after the Fourier transform penetrate the predetermined configuration corresponding to the Fourier 
isform image of signal light, and the light transmission section of magnitude, and are irradiated by the optical 
^rding medium. Therefore, without producing the reading error at the time of lack of data, or playback corresponding 
wo-dimensional digital data, the breadth of signal light and a reference beam can fully be restricted, and a record 
don can fully be micrified. 
14] 

ibodiment of the Invention] Let the data page recorded as a hologram be an image like ikawingl . When the white 
t in drawing expresses data "1 " and a black part expresses data "0", binary two-dimensional digital data is recordable 
every page. In this case, the magnitude of 1 pixel of dxd corresponds to 1 bit data. 

15] a hologram when recording such a data image as a hologram, in order to raise recording density ~ shift in ~ in 
er to give a variant property, the furan FOFA diffraction figure of a data image is recorded with a lens. Since this is 
portional to the Fourier transform of the amplitude distribution of a data image as shown in drawing 1 , it is called 
Fourier transform hologram. The Fourier transform image of flie data image of drawing! is shown in drawing ^ . It 
ask for this from the above-mentioned formula (2). 

16] In order to record digital data on high density, it is required ttiat an area of 1 pixel of a data image as shown m 
wing 1 should be made small, namely, the value of d should be made small, and more bit data should be stuffed in 1 
e. In addition to record of high density, high-speed record playback is realizable with this. 

17] However, if an area of 1 pixel is made small, the Fourier transform image of the data image of signal light will 
sad on an optical recording medium according to a formula (2). This will be because the spatial frequency omega x 
portional to 1/d becomes large, if the data image of signal light becomes fine (i.e., if the value of d becomes small). 
; breadth of this Fourier transform image serves as hindrance of high density record. 
18] As an approach of avoiding this, the approach of making wavelength lambda of signal light small or the 
iroach of forming the Fourier transform image of signal light using a lens with a short focal distance f can be 
isidered. However, even if it makes a Fourier transform image small by shortening wavelength lambda of the hght 
xce or shortening the focal distance f of a lens, since a Fourier transform image has the breadth of infinity m the focal 
ne, it is not theoretically enough for micrifying of a record section. 

19] So, in this invention, when recording a data image as shown in drawing! as a hologram, only a necessary 
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imum Fourier transform component is taken out and recorded on data playback of a Fourier transform image as 
wn in drawing 2 by the light transmission section formed in some protection-from-light objects. 
20] If the breadth of the direction of a x axis of the Fourier transform image shown in drawing 2 corresponds to the 
ial frequency omega x of the direction of a x axis of the data image shown in drawmg l and it sees about the 
ction of a X axis, the Fourier transform image has spread in the symmetry in the plus direction and the minus 
)Ction focusing on zero-order light (omegax=0). The same is said of the direction of the y-axis. Thus, although spatial 
[uency has the value of plus and minus, in order to reproduce the data image of signal light, there should just be one 
ign components. A record section can be made small by taking out and recording only the plus component which 
ows, for example, contains zero-order light by the light transmission section. 

21] Furthermore, since many spatial-frequency components originating in the pixel pitch of si^al light are included, 
Fourier transform image of signal light is reproducible without an error of signal li^t, even if it cuts harmonic 
tent. If tKis is"explaihed and the value with which the spatial frequency of image data was suitablyTronnaiized-fit)m— 
start will be taken, since the fiiran FOFA diffraction figure shown in drawing 2 will tum into the Fourier transform 
ge of signal Ught itself, k of a formula (2) is set to 1, and breadth zeta of a furan FOFA diffraction figure is 
i=lambdafomega x. — (3) 

come out and expressed. ^ . .c^ - r: 

22] If a concrete nximerical example is substituted and the trial calculation of breadth zeta of a dittraction tigure is 
ie, the case of 25 (it corresponds to the pixel which is 40micrometerx40micrometer)/mm, as for breadth zeta of a 
raction figure, 500nm and a focal distance f will be set to 10cm, spatial frequency omega x will be set to 1.25mm, 
example, and if wavelength lambda doubles a plus component and a minus component, it will be set to 2.5mm. 
thermore, as shown in dra win g 2 , a diffraction figure is 1 .25mm in spacing, and serves as discontinuity and a 

odic pattern. . j • 1.1 

23] As mentioned above, for the light transmission section of a protection-from-light object, at the desu-abie 
ration gestalt of the optical recording approach of this invention, breadth zeta from zero-order light of the Fourier 
5form image of signal light is 0 <= zeta<=nf lambda/d. - (4) 

insiders as the configuration and magnitude which make only the Fourier transform component come out of and 
;:ified penetrate. However, n is 1, 2, or 3. 

24] That is, with the desirable operation gestalt of the optical recording approach of this invention, it is zero-order 
the FouriCT transform image of signal light ], and the 1st order, or only the component from [ from zero-order to the 
order ] zero-order to the 3rd order is taken out and recorded by the light transmission section of a protection-from- 

X object. Only the component from zero-order [ of a Fourier transform image ] to the 2nd order is more desirably 

jn out and recorded by the light transmission section as n= 2. 

25] Although a record section can be most micrified if only the zero-order component of a Fourier transform image 
jcorded, lack of data is produced and it becomes impossible to read the data image of signal light then. In order not 
roduce lack of data, it is necessary to record zero-order and the primary component as there are few Fourier 

sform images. r^ . j 1. 1. 1. - 1. j 

26] On the contrary, although the data image of signal Ught can be read by high S/N if it records to the 4th high order 
iponent [ 5th ] of a Fourier transform image, then, a record section cannot fiiUy be micrified and storage capacity 
not fiilly be increased. In practice, if it records to the primary component of a Fourier transform image, a reading 
»r will hardly be produced at the time of playback. Furthermore, if it records to the secondary component [ 3rd ], the 
I image of signal light can be read by S/N high enough. 

27] Therefore, a record section can fiiUy be micrified, wifliout being zero-order [ of the Fourier transform image of 
lal Ught ], and the 1st order, or producing the reading error at the time of lack of data, or playback by taking out and 
)rding only the component from [ from zero-order to the 2nd order ] zero-order to the 3rd order by the light 
tsmission section. Both micrifying of a record section and high S/N-ization at the time of playback can be satisfied 
aking out and recording only the component from zero-order [ of a Fourier transform image ] to the 2nd order by the 
it transmission section especially. 

28] Drawing 3 (A) - (D) shows an example of the protection-from-light object used for the optical recording 
roach of this invention, respectively. This drawing (A) makes the light transmission section 21 of the protection- 
n-light object 20 circular [ a radius a ], and is the case where the primary component [ secondary ], a plus direction 
the minus direction, is made to penetrate per the zero-order component and each shaft orientations of the FouriCT 
isform image of signal light. . , . 1 r- j 

29] This drawing (B) is the case where make the light transmission section 21 into the hemicycle ot a radius a, and 
primary component [ secondary ] of a plus direction is made to penetrate [ direction / of Fourier transform image / of 
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lal light / zero-order component and zero-order direction of the y-axis ] about the other shaft orientations of a plus 
iction and the minus direction. , . , ^ ^ ^ - ^ 

30] This drawing (C) makes the light transmission section 21 ,the sector (four hemicycles) of a radius a, and is the 
i where the primary component [ secondary ] of the direction of [ between a plus direction, and an X-axis plus 
iction and a Y-axis plus direction ] is made to penetrate, per each of the zero-order component, and the direction of a 
us and the direction of the y-axis of the Fourier transform image of signal light. 

31] Die length of one side is a, width of face uses the light transmission section 21 as a/3 or less L form, and this 
sving (D) is the case where the primary component [ secondary ] of a plus direction is made to penetrate, per each of 
zero-order component, and the direction of a x axis and the direction of the y-axis of the Fovirier transform image of 

lal light. J •, J- 

32] Drawing 4 shows 1 operation gestalt of the optical recording approach of this invention, and optical recorduig 

ipment. The protectioSPfrom-light object 20 mentioned above is arranged ahead of an optical recording medium 5. 
! coherent light from the light source 6 is divided into two light by the beam splitter 12, a shutter 1 5 is opened at the 
e of record, and with Lenses 10a and 10b, light which penetrated the beam splitter 12 is made into parallel li^t with 
;e aperture, and carries out incidence to the space optical modulator 4. 

33] By computer omitted by a diagram, a binary two-dunensional digital data image as shown in drawing 1 is 
)layed on the space optical modulator 4. According to the binary data of each pixel of a data image, intensity 
lulation of the light which passed the space optical modulator 4 is carried out by this, and it turns into the signal light 
hich has the information on a data image as shown in drawing 1 by it. 

34] The light transmission section in which the Fourier transform of this signal light 1 was earned out, and the 
tection-from-light object 20 mentioned it above with the lens 7 is made to penetrate, and an optical recording 
iium 5 is irradiated. 

35] Reflect the light reflected in coincidraice by the beam splitter 12 by mirrors 13 and 14 as a reference beam 2, the 
It transmission section of the protection-from-light object 20 is made to penetrate, and the field to which the signal 
It 1 after the Fourier transform of an optical recording medium 5 is irradiated is irradiated. The si^al light 1 and the 
srence beam 2 after the Fourier transform interfere in an optical recording medium 5, and the Fourier transform 
3gram is recorded into an optical recording mediimi 5 by this. 

36] At the time of read-out, a shutter 15 is closed, the signal light 1 is intercepted, the same light as the reference 
m 2 used at the time of record is read, as a light, the light transmission section of the protection-from-light object 20 
lade to penetrate, and the field to which the hologram of an optical recording medium 5 is recorded is irradiated. It 
diated, and reads and light 2 is diffracted by the hologram. 

37] The inverse Fourier transform of the diffracted light 3 is carried out with a lens 8, image formation is earned out 
fhe photodetectors 9, such as CCD, and the image data of the signal light 1 is read. 

38] [Example] By the approach mentioned above, record playback was actually tried. Although what kind of thing 
Id be used as an optical recording medium 5 as long as the hologram was recordable, the polyester which is 
■ressed with the chemical formula shown in drawings and which has a cyano azobenzene in a side chain was used 
B. Record of a hologram, playback, and elimination are possible for this ingredient by the optical induction 
sotropy (optical induced birefiingence nature, optical induction dichroism) by photoisomerization of the cyano 
benzene of a side chain as indicated by Japanese Patent Application No. No. 32834 [ ten to ] at flie detail. 
39] The optical recording equipment shown in drawing 4 was used for record of a data image. 51 5nm of oscillation 
;s of the Ar ion laser which has sensibility in the polyester which has a cyano azobenzene in the side chain as an 
ical recording medium 5 was used for the light source 6. 

40] The magnitude of 1 pixel used the 640x480-pixel liquid crystal panel 1 .3 mold for projectors for the space 
ical modulator 4 by 40micrometerx40micrometer. 1 pixel was made into 1 bit, and the chess board pattem shown in 
vying 1 was created by computer, and was inputted into the space optical modulator 4. Therefore, the data image of 
signal light 1 will have a spatial-frequency component corresponding to the pitch of d= 40 micrometers. 
41] As a lens 7 which carries out the Fourier transform of the signal Ught 1, the focal distance fused two kinds of 
igs, 55mm and 100mm. This estimated the breadth of the Fourier transform image by the difference in the focal 

:ance f of a Irais 7. . • -> /a\ a 

42] As the light transmission section of the protection-from-Kght object 20, the radius a shown m drawing^ (A) A 
;ular thing (0.63mm and 1mm), One side a which the radius a which the radius a shown in this drawing (B) showed 
lemicycle (0.7mm and 1.1mm) of a thing and this drawing (C) showed in sector (0.75mm and 1.25nun) of a thing 
! this drawing (D) used the thing of L form (1 .4mm and 2.6mm). 

43] By these Ught transmission sections, only the predetermined component of the Fourier transform image of the 
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al light 1 was taken out, and the Fourier transform hologram was recorded into the optical recording medium 5, 
•ectively. At this time, a Fourier transform image and the light transmission section were taken as physical 
tionship as shown in drawing 6 (A) - (D). Conversely, white coating shows each component of a Fourier transform 
ge, and the light transmission sections 21 are indicated to be drawing_2 and drawing 3 by black painting. 
W] It tried to read data from the hologram recorded as mentioned above with the optical reader shown in dtawing^ . 
nm of oscillation lines of the same Ar ion laser as the time of record was used for the light source 6. The shutter 1 5 
closed, the signal light 1 was intercepted, the same light as a reference beam 2 was read, and the optical recording 
lium 5 was irradiated as a light. 

15] consequently, when a thing with a focal distance of 100mm is used as a lens 7 Only the predetermined 
iponent of the Fourier transform image of the signal Hght 1 is taken out by each light transmission section of circular 
5 circular radius a is 1mm], the hemicycle whose radius a is 1.1mm, the sector whose radius a is 1.25nmi, and theL 
Tw hose one si dearis 2:6nmi. When a hologram was recorded, the same chess board pattern as the signal lightlwas^ 
dly reproduced as the diffracted light 3 at the time of reading. 

16] moreover, when a thing with a focal distance of 55mm is used as a lens 7 Only the predetermined component of 
Fourier transform image of the signal light 1 is taken out by each light transmission section of circular [ the circular 
us a is 0.63mm ], the hemicycle whose radius a is 0.7mm, the sector whose radius a is 0.75min, and the L form 
>se one side a is 1 .4mm. When a hologram was recorded, the same chess board pattern as the signal light 1 was 
dly reproduced as the diffracted light 3 at the time of reading. 

17] These results are shown in drawing 7 . The axis of abscissa of this drawing shows the focal distance f of a lens 7, 
an axis of ordinate shows the radius (one side) a of the light transmission section. The shading part in drawing 
A^s the field of the radius (one side) a of the li^t transmission section which makes only the component from zero- 
[ of the Fourier transform image of the signal light 1 to the focal distance f of a lens 7 ] to the 2nd order penetrate, 
vever, it is d= 40 micrometers in this case. 

18] It turns out that a record section can fully be micrified, without producing lack of data, and the reading error at 
time of playback by taking out and recording only the component from zero-order [ of the Fourier transform image 
ignal light ] to [ from this result ] the 2nd order by the light transmission section. 

19] ^. 
ect of the Invention] Without producing the reading error at the time of lack of data, or playback correspondmg to 
-dimensional digital data according to the optical recording approach of this invention, and optical recording 
ipment, when recording binary two-dimensional digital data as a hologram into an optical recording medium as 
itioned above, the breadth of signal light and a reference beam can fully be restrict^, and a record section can fully 
aicrified. Therefore, a mass digital hologram memory system is realizable by combining the optical recording 
roach of this invmtion with hologram multiplex recording methods, such as shift multiplex record, include-angle 
tiplex record, and wavelength multiplexing record. 



inslation done.] 
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